[2] In April 1928, the Upper Thracian Depression in 32 southern Bulgaria was struck by two destructive earth-33 quakes which occurred only five days apart (Figure 1 ) 34 [Bonchev and Bakalov, 1928] (magnitudes and epicentral 35 intensities revised by Christoskov [2000] ). On 14 April, a 36 first earthquake with magnitude M S 6.8 (I 0 = IX MSK) 37 occurred near Chirpan, destroying the town and neighboring 38 villages north of the Maritsa River. This was followed on 18 39 April by a larger, M S 7.1 (I 0 = IX-X MSK) earthquake with 40 epicenter near Popovitsa, 20 km to the west-southwest. This 41 earthquake devastated tens of villages in the Plovdiv dis-42 trict, including several quarters in Plovdiv, the second 43 largest city of the country. The focal mechanism of the 18 44 April earthquake indicates a WNW-ESE oriented normal 45 fault with a significant dextral component [Glavcheva, 46 1984; D. S. Dimitrov et al., manuscript in preparation, 47 2005]. For the 14 April earthquake, no reliable focal 48 mechanism has been determined. More than 50 aftershocks 49 were recorded during the following month, 14 of them with 50 M ! 5.0 [van Eck and Stoyanov, 1996] . The largest of those 51 was a M S 5.7 (I 0 = VIII MSK) earthquake on 25 April near 52 the village of Gulubovo, $50 km east of the first shock.
53
[3] Contemporary sources [Bakalov, 1928; Bonchev and in the north than in the south for the 14 April earthquake.
98
For these reasons, we believe that only the surface break 99 north of Chirpan is the direct expression at the surface of 100 the fault that generated the Chirpan earthquake, and we 101 focused our investigation on this particular strand. [Jackson and McKenzie, 1988] .
116
[6] The stratigraphy of the UTD in our study area [Christoskov, 2000] and maximal isoseismals [Shebalin, 1974] for the 14 and 18 April main shocks and for the 25 April aftershock, the location of coseismic surface breaks described in contemporary reports [Bonchev and Bakalov, 1928; DIPOZE, 1931] , and regional faults based on gravimetric anomalies . The location of localities and rivers mentioned in the text is indicated. Ch, Chirpan; ChG, Cherna Gora; D, Debar; G, Gulubovo; P, Popovitsa; Pm, Parvomay; S, Shishmantsy; T, Trakiya. Digital elevation model is from GTOPO30. Inset shows location of map in southern Bulgaria. Projection is UTM zone 35, Northern Hemisphere (WGS-84 datum). See color version of this figure at back of this issue. [Koyumdgieva and Dragomanov, 1979] , and Pleistocene 124 to Holocene fluvial sediments [Boyanov et al., 1990] . The 125 latter were mainly deposited by the Maritsa River, the main 126 river draining the UTD, and its tributaries. The faults 127 activated in 1928 cut across these sediments, which are 128 much thinner and at a much higher elevation in the fault 129 footwalls, compared to deposits of the same age inside the 130 graben .
131
[7] Geology indicates that the graben is asymmetric in 132 cross section. In the footwall of the southern fault, the 133 Ahmatovo Formation is more or less complete, and in the 134 southern part of the graben it reaches a thickness of 200 -135 300 m [Koyumdgieva and Dragomanov, 1979] . During the 136 Pleistocene, the Maritsa River deposited a 30-to 40-m-thick 137 sequence of fluvial terraces, which partly extend onto the 138 footwall [Dragomanov et al., 1989] . In contrast, the Ahma-139 tovo Formation is almost everywhere absent in the uplifted Pleistocene interval is present while the lower part is missing 143 [Nenov, 1987] . In the hanging wall of the northern fault, the 144 combined thickness of Ahmatovo Formation and younger 145 sediments is $70 m [Nenov et al., 1985] Terraces of the Maritsa River have not been mapped here.
150
The present-day position of the Maritsa River, close to the geologic and tectonic studies [Boyanov et al., 1990 [Boyanov et al., , 1991  158 Krastev et al., 1992; Angelova, 2000] and with changes in 159 elevation measured by the leveling network of the National 160 Cartographic Institute of Bulgaria before (1923) (1924) (1925) (1926) (1927) and 161 after (1929 -1930 ) the 1928 earthquake sequence [Mirkov, 162 1932; Yankov, 1938] . The random error for these surveys is 163 estimated at ±1.5 mm/km, and the elevation changes have 164 an accuracy better than 1 cm. More details are given by 165 D. S. Dimitrov et al. (manuscript in preparation, 2005) .
166
The rupture north of Chirpan produced by the 14 April 167 1928 earthquake occurred on a long regional normal fault 168 striking E-W and dipping to the south in the central part of 169 the UTD.
170
[9] Three contemporary sources [Bakalov, 1928; Bonchev 171 and Bakalov, 1928; DIPOZE, 1931] have described and/or [10] The geologically established fault continues 17 km 217 westward of Cherna Gora to the village of Shishmantsy. 218 DIPOZE [1931] is the only source indicating a westward 219 extension of the rupture in this direction, but the trace they 220 mapped is much more curved than the fault on the 221 geological map (Figure 3a ). There is no detailed descrip-222 tion of this surface break in the report, nor is there any 223 mention of any vertical or lateral offset. The leveling data 224 [Mirkov, 1932; Yankov, 1938] [Mirkov, 1932; Yankov, 242 1938] intersects the area where the step-over occurs [Boyanov et al., 1990] , the E-W oriented
252
Chirpan fault terminates against a SW-NE striking fault to Trakiya [Angelova, 2000] Trakiya could indeed be part of the coseismic rupture.
260
[12] Geophysical and geomorphic 261 [Angelova, 2000] (Figure 2a ). Similarly to the western tip, a step-over occurs 311 to another scarp 1.5 km to the south, which has not been 312 investigated so far.
313
[15] Several small rivers and creeks, the largest of which 314 is the Omourovo River, drain across the compound scarp 315 toward the Maritsa River inside the graben. The detailed 316 digital elevation model (DEM) (Figure 3b ) shows two 317 important flat surfaces in the uplifted block to the north 318 which are important for understanding the long-term activ-319 ity of Chirpan fault. The upper surface has an altitude of 320 220 -250 m and is situated east of the Omourovo River, the 321 lower surface lies west of this river at an altitude of 190 -322 205 m. According to Nenov et al. [1985] but adopting the 323 chronostratigraphic framework established for NE Bulgaria 324 [Evlogiev, 2000] , the upper surface was formed during the 325 early Romanian (4.18 -3.58 Myr B.P.), and the lower 326 surface probably during the middle to late Romanian 327 (3.58 -1.64 Myr B.P.) or perhaps even later. These surfaces 328 have not been dated, however, and their relation with the 329 Neogene deposits, in particular the Ahmatovo Formation, is 330 not known. The surface east of the Omourovo River is 331 incised in upper Eocene conglomerates and limestones. The 332 younger erosional surface west of the Omourovo River cuts 333 the Eocene limestone and is covered by 2 -3 m of alluvial 334 silt of unknown age. Ahmatovo Formation sediments are 335 exposed on the slope between this surface and the alluvial 336 plain to the south (Figure 2 ). Boreholes show that this 337 formation reaches a thickness of $40 m below the Omour-338 ovo valley [Nenov et al., 1985] incised in between both 339 surfaces north of the scarp. This suggests that a large part of 340 the Ahmatovo Formation for which Nenov [1987] has 341 established a stratigraphic range of upper Pliocene -lower 342 Pleistocene just east of our study area, is younger than the 343 lower surface.
344
[16] In the downthrown block south of Chirpan fault, the 345 Ahmatovo Formation lies over a flat surface of Eocene 346 marl and limestone at an altitude of $100 m (Figure 2b ) 347 [Nenov et al., 1985] 
411
West of the Omourovo River, the scarp is superposed on the 412 larger slope of the compound scarp, and its trend is 89°E.
413
The scarp shows a northward bend centered on the Omour- Chirpan fault to obtain a record of its seismic activity. We 433 selected a trench site north of Cherna Gora, along the 434 western section of the mapped fault scarp (Figure 3b ). 435 The trench was located 2.75 km west of the Omourovo 436 River and less than 1 km east of where the fault scarp steps 437 to the south. On a local scale (Figure 4) , the trench was 438 situated in the interfluvium between a small ephemeral 439 rivulet to the west and the small active Suata creek (asso-440 ciated with a spring emanating from the scarp) to the east. 441 At the trench site, a clear frontal scarp is preserved in the 442 morphology, superposed on the larger compound scarp 443 ( Figure 5 ). The scarp is fairly straight, with strike varying 444 between 85°E and 95°E. We analyzed four profiles adjacent 445 to the trench using scarp degradation modeling [Andrews 446 and Hanks, 1985] , to determine the vertical offset of the 447 best fitting surface (Figure 6a) . We obtain average vertical 448 topographic offsets of 1.04 ± 0.25 m for the two profiles 449 closest to the trench, and 1.18 ± 0.24 m if we also include 450 the two more distant profiles. This is 2 -3 times the 451 displacement observed in 1928. Maritsa rivers. The precise age of these sediments is not 502 known, but we inferred above that they are younger than the (Figure 4) , which is 504 between 3.58 and 1.64 Ma old. Unit X is intersected by a 505 network of horizontal and vertical carbonate-enriched 506 fissures defining the Bk horizon of a calcic soil. The 507 horizontal filaments follow the original stratification, while 508 the subvertical fissures are thicker (commonly exceeding 509 1 cm) and probably related to preexisting cracks. In 510 between the filaments, the primary structure of the sedi-511 ment is still intact. As the Bk horizon tends to be parallel 512 to the surface, it intersects the horizontal stratigraphic 513 limits and extends farther down into unit W downslope 514 (Figure 8 ). In the same direction, the upper portions of the 515 vertical fissures are all progressively bent toward the fault 516 zone. Unit Z is a 30 cm thick, yellowish-brown unit 517 overlying units Y and X and parallel to the surface. It is 518 not a primary sedimentary unit, but a soil horizon over-519 printed on Ahmatovo Formation parent material. This unit 520 is differentiated because pedogenesis has completely 521 modified the primary sedimentary structure, texture and 522 mineral composition. In contrast to lower units, the 523 original sandy texture has changed to sandy-clayey silt, 524 and the structure is prismatic and blocky, which is typical 525 for a soil. In addition to a few scattered carbonate 526 nodules, the matrix of unit Z is composed for $25% of 527 dispersed calcite crystals of the same type (crustification) 528 as the calcite within the nodules [Yaneva and Lazarova, 529 2004] . This amount of carbonate indicates that unit Z 530 corresponds to the upper part of a thick Bk horizon that is 531 manifested as a calcic network in the units below. It 532 represents a younger and more advanced stage in the 533 buildup of this horizon [Birkeland, 1999] . Calcic soils 
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Pollen analysis of a profile in the hanging wall (Figure 9 ) Figure 9 . Simplified pollen diagram of hanging wall sediments on the western wall of Cherna Gora trench. Deposits were sampled along a vertical profile with 10-cm interval between trench levels 12 m and 16 m. Projected position on eastern trench wall is indicated in Figure 8 . Modified from Yaneva and Lazarova [2004] . Major changes in vegetation can be correlated with Holocene climatic phases. Calibrated (1s) radiocarbon ages for the boundaries between these phases [Ravazzi, 2003 ] are used to constrain the age of trench units.
565 [Yaneva and Lazarova, 2004] shows that most limits of 566 the units we thus defined indeed coincide with changes in 567 vegetation.
568
[24] Unit F is mainly discerned based on its darker 569 reddish-brown color, contrasting with that of unit E 570 above. Large carbonate nodules (long axis up to 10 cm) 571 are concentrated 10 -15 cm below the E/F boundary. 572 Bedding within unit F is subtle and seems to be parallel 573 to the E/F boundary, which is warped close to the fault 574 zone (Figure 8) . Unit E is a massive unit characterized by 575 a distinct yellowish-brown color and abundant carbonate 576 nodules. It is subdivided in a lower subunit E2 containing 577 relatively large concretions (Ø $ 3 cm) aligned on dipping 578 lines, and an upper subunit E1 with smaller concretions 579 (Ø $ 1 cm) distributed over the entire unit. The distinction 580 disappears away from the fault zone. There are some hints 581 that stratification within unit E is horizontal, not oblique as 582 suggested by the alignment of nodules. Unit D is easily 583 distinguished from unit E by its reddish-yellow color, and 584 by the smaller size of carbonate nodules. The amount of 585 fine calcite in the matrix increases to 20% [Yaneva and 586 Lazarova, 2004] , however, suggesting a more advanced 587 stage of carbonate accumulation. We interpret unit D as an 588 old semiarid soil correlating with unit Z in the footwall, but 589 developed on different parent material. Unit C consists 590 of horizontally stratified, compact, clayey silt, probably 591 alluvium. The lower subunit C2 has a reddish-yellow color 592 and prismatic structure. The upper subunit C1 is dark 593 grayish-brown, rich in organic material, and has a blocky 594 structure. C1 is interpreted as an A horizon developed on 595 original material represented by C2. Units B and A are dark 596 brown colored A horizons developed on alluvium similar to 597 unit C1, but with a more prismatic and granular structure, 598 respectively. Unit A corresponds to the current A horizon 599 (topsoil). Units C1, B, and A are the only hanging wall 600 sediments that partly extend across the fault. In the foot-601 wall, units C1 and B correlate with the single unit C1b, 602 while unit A is almost entirely overprinted by an artificial 603 plow zone, which is 25-30 cm deep. Interbedded within 604 the main hanging wall units, we identified three more or 605 less wedge-shaped units that are limited to the fault zone: 606 unit Fc between units F and E2, unit Dc between units D 607 and C2, and unit C1c between units C1 and B. We interpret 608 these units as scarp-derived colluvium and will describe 609 them in the section about paleoearthquake identification.
610
[25] Four boreholes descending from the trench bottom in 611 the hanging wall show a sequence of units similar to units F 612 and unit E (Figure 8) . We suppose that they have been 613 deposited in a similar environment as the units in the trench, 614 and that their differences in color, texture, and carbonate 615 content reflect climatic fluctuations. The boreholes did not 616 reach the Ahmatovo sands exposed in the trench footwall at 617 a depth of 4.8 m below the trench bottom. The electric 618 resistivity profile shows that the entire alluvial sequence 619 overlying the Ahmatovo Formation in the hanging wall is 620 10-15 m thick (Figure 7) . to be successful for dating speleothems [Quinif, 1996] . As The radiocarbon sample was dated by the Royal Institute for Cultural Heritage in Brussels, Belgium (M. Van Strydonck, personal communications, 2003 , 2005 One-sigma calibrated ages for transitions between Holocene climatic phases [Ravazzi, 2003] , recognized in the pollen record [Yaneva and Lazarova, 2004] . [Christoskov, 2000] and maximal isoseismals [Shebalin, 1974] for the 14 and 18 April main shocks and for the 25 April aftershock, the location of coseismic surface breaks described in contemporary reports [Bonchev and Bakalov, 1928; DIPOZE, 1931] , and regional faults based on gravimetric anomalies . The location of localities and rivers mentioned in the text is indicated. Ch, Chirpan; ChG, Cherna Gora; D, Debar; G, Gulubovo; P, Popovitsa; Pm, Parvomay; S, Shishmantsy; T, Trakiya. Digital elevation model is from GTOPO30. Inset shows location of map in southern Bulgaria. Projection is UTM zone 35, Northern Hemisphere (WGS-84 datum). 
